) had a domiaffinity of importin-␤ for FxFG nucleoporins but not nucleoporins containing GLFG (Gly-Leu-Phe-Gly) renant inhibitory effect on NE assembly around Ran beads ( Figure 2B ). Thus, importin-␤ is required for NE assembly peats or transport cargoes [11] . This mutation inhibited the ability of full-length importin-␤ to restore NE asseminduced by Ran. These results suggest that importin-␤ functions as an adaptor that recruits target proteins to bly activity to ⌬RanBP extracts ( Figure 2C ). If importin-␤ serves to recruit FxFG nucleoporins to Ran during this process.
In addition to transported cargoes and Ran, imporRan, then the immobilization and concentration of importin-␤ might be sufficient to induce NE formation. To tin-␤ interacts directly with protein components of the nuclear pore (nucleoporins) containing FxFG (Phe-xtest this possibility, we coated Sepharose beads with importin-␤ proteins and analyzed their ability to induce Phe-Gly, where x is usually Ser, Gly, or Ala) repeats [11] . Both importin-␤ and nucleoporins were recruited to Ran NE formation in nondepleted Xenopus egg extracts. Beads coated with full-length importin-␤ recruited beads during NE assembly, and this binding was not prevented by the disruption of membrane assembly by nucleoporins and membrane vesicles that fused to form a continuous envelope, whereas pretreatment of imthe detergent Triton X-100 (see the Supplementary Material available with this article online), suggesting a diportin-␤ with N-ethylmaleimide (NEM), which reacts with cysteine residues on importin-␤ and inactivates it [12] , rect interaction. To test the possible role of importin-␤ in nucleoporin recruitment, we used proteins in which abolished the ability to induce NE formation ( Figure 3A ). Importin-␤ may therefore account, at least in part, for Ile 178 is changed to Asp (I178D), which decreases the Experimental Procedures which is too large to diffuse across nuclear pores and is excluded by an intact NE. In each case, phase optics were used to focus before capturing fluorescence images. For immunofluorescence, Recombinant Proteins Recombinant human Ran proteins were prepared as glutathione-Ssamples were fixed for 30 min in 4% formaldehyde (in 10 mM PIPES (pH 7.2), 80 mM KCl, 5 mM EDTA, and 15 mM NaCl). Beads were transferase (GST) fusions in Escherichia coli, purified, and loaded with nucleotides as described previously [27] . Wild-type Ran was then recovered onto coverslips, permeabilized with 0.1% Tritron X-100 for 5 min, and prepared for immunofluorescence microscopy loaded with GDP, and RanQ69L was loaded with GTP. Importin-␤, including mutants, importin-␣, importin-5, importin-7, and transusing specific primary antibodies against nucleoporins (mAb414, 1:500) or importin-␤ (Transduction Laboratories, 1:100). Images portin were prepared as described previously [10] 
